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I(I-Y ELEMENTS ON SURFACE
I,IiOPERTIES OF POLYIMI DE
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6.1 INTRODUCTION

Several sorts of block polyimide based copolymers, nanely poly(imide_co_siloxane)
(PIS) block copolyners containing siloxane blocks in rheir polymer backbone havs
been investigated. ln conparison with pure polyimides the pIS block copolymers pos,
sess some improvements, for example, enhanced solubility, low noisture sorption.
and their surface reaches the higher degree of hydrophobicity aheadv at low conten{
ofpolysiloxane (PSI) in PIS copolymer. This kind ofthe block copolymers are used as

high-perfonnarce adhesives and coatings. The sLuface as welLas adhesive properties
ol PIS block copolymers depends on the content and length of siloxane blocks. Thc
surlace properties of PIS block copolymers are strongly influenced by enrichmcnt ol
rhc sLrrfhce with siioxane-based segments. Mr'cro phase separation ofFIS block copo
iymers occurs due to the dissimiladty between the chenical structures ofsiloxane ancl
irnidc blocks even at relatively low iengths ofthe blocks. Th€ surface analysis of plS
block copolvmers using various methods of investigation ,lor example, contact anglc
rneasurerlents, scanniog electron microscopy (SIIN4), transmission electrun mlcros,
copy (TFM), atomic force rnicroscopy (AFM), atteDuated total reflectaDce_Fourier
transform infrared spectroscopy (ATR-FTIR), and X-ray photoelectron spectroscop\
(XPS), r.vas perlbnned, ard the strength of the adhesive joint to more polar polymer
$ as studied. The surlace antl adhesive properties are discussecl in vierv ol the varietl
cornposition of PIS block copolyners.

The polyimides present an impodant class of pol_vniers, necessary in microelec-
tronics, printed circuits construction. and acrosplce inr,errigation, mainly becausc
their high thennal srabilir,v and good dielectric propenies Il-4]. The pIS block copo_
lymers containing siloxane blocks il their polymer backbone have been investigaietl
[5, 6]. In comparison with pure polyimides rhe pls block copolymers possess some
improvements, for example, enhanced solubiiity, low moisnrre sor1tion, and their sur
facc reaches the higher degree ol hydrophobicity abeady at lorv content ofpSl in pIS
copolymer. This kind ofthe block copolymers are used as high_performance adhesives
and coatings. The surface as well as adhesive properties of pIS block copollrners
depends on the content and length of siloxane blocks. The surface properties of pIS
block copolymers are strongly influenced by eruichrnent of the surf'ace with siloxane
segments [71. The micro phase separation of pIS block copolymers occurs due to the
dissimilarity betlveen the chemical strxcnues ofboth siloxane, anil imicle blocks.

6.2 EXPERIMENTAL

The 2-amiroterminated ODPA-BIS P potyimides with controlled molecular weighl
rvere synthesized by solution imidizatjon (first step in NMp at room temperature lor
24 hr, second step in NMP-BCB mixture at 180.C). The number_average molecular
weights of products were in the range M,, : 2000-1 8,000 g/mol (by rH NMR spcc
troscopy). The surface morphology (height image) and local surface heterogereities
(phase irnage) rvere measured by AFM. All the measurements were perfomed under
ambient conditions using a commercial atomic force nicroscope (NanoScoper\r Di_
nension IIIa, MultiMode Digital lnstruments, USA) equipped with the ppp_NCLR
tapping-mode probe (Nanosensors fNl Switzerland; spring constant 39 N/m, resonant
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ir,,1rr, rrey 160 kHz). The surface energy ofPIS block copolymer u,as detennined via
,,,,.,.urcrrents of contact angles ofa set of testing liquids (that is re distilled $'ate1
, t r l, rrc glycol, formamide, methylene iodide, and 1-bromo naphthaiene) using sur-
l,r, r L rrcrgy evaluation (SEE) system completed with a web canera (Masaryk Univer-

',r' ( /cch Republic) and necessary PC software. The drop ofthe testing liquid (V:
t 1 l1 rvrrs placed with a micropipette (0-5 pl, Biohjt, Finland) on the poll,mer surface,
, ,'1 .r ( ontact angle of tlre testirrg liqriid rvas rreasured. The pccl strength oladhesive

I ,,,r ( l',..r) to polyacrylate was n'ieasurcd by 90" peeling of adhesive .joint rLSins Lrnr-

\ , r . rl lcsting machine Instron 43 01 (Instron, England) with I 00 N measuring cell. The
,1,llr,,rrc joints for peel tests rvere fixed in aluminum peeling circle.

I. I I)ISCUSSIO\ A\D RESUTTS

llr, Al'M rneasurements of the PIS copoiymers are shown in FigLire 1. Its measure-
!r, rr: ()l the surlace topography (height iiriage) and tip-sarrple interaction (phasc jm-

rir,r'l ol lhe samp)es containing 0-33 u.t% of siloxane mononer revealcd difl'erences
iit I'otlr characteristics. Only characteristic sanples, that is 0, 10, 20, arrd 33 r.i't% of
rllor;rrre areshorvnintheFigurel,samplecontaining30ut%ofsiloxaneisvervsinri-
lrrr lrr lrcirht and phase images to tlie sample rvith33 wtTo siloxane.

FlCl)RE 1 (Continued)
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FIGURE 2 Contact angles ofwater versus siloxane content in pIS block copolymer.

FICURE 1 AFM images of plS block copolyners films_pure poll.imide (A, B), l0 rvt% o1.
siloxane (C, D), 20 wt% of siloxane (E, F), and 33 wt% ofsiloxane (G, H) Height images (A, C.
E, C), and phase (8, D, I H) imagcs, respectivel).

The comparison of height images-samples conraining 20% (Figure 1 (E)) ancl
30% (not shorvn in figure) have mgged and fllnicurar surrace relief. orithe other hand
surfaces ofpure polyimide (Figure I (A)), 10% copolymer (Figure I (C) and J30o
copolymer (Figure I (D)) contain individual formations on the surfaces _..hills,, of
dift'erenr size ard height (tens hundreds nm) and fudhermore hores (tens ofnm size)
on 10% sample. Moreover, funicular fomations are shadowetl also in the Figure J (A 

1

and Figure I (C). The comparison of phase images_Figure I (B) versus Fig-ure I (D1,
and Figure I (F) versus Figure i (H) exlibit munrally similar reliel Ifcompared the
phase images with the relevant topography images, that is Figure I (A) versus Figure I
(C) and Figure 1 (E) versus Figure 1 (G), it is evident while height images are similar
for first couple as well, significant dilferences for second couple exist.

Figure 2 shows the contact angles ofre-disti ed water deposited on pIS block copo_
lymer surface versus content of siloxane in copolymer The contact angles of wateiby
Figure 2 increased by grorth of siloxane content and/or Si,AI ratio in copolymer. The
contact angles ofPIS block copoll,rner increase fiom 76. for pure poJyimide, to 95, for
107o ofsiloxane in copoltmer up to 102" for 30% ofsiloxane in coporltner Micro phasc
sepamtion in PIS block copol,.rner occurs even at relativ€ly lowblock lengths due to
dissimilarity between the chemical structures ofrhe siloxane, and imide blocks.

g



I , , I lr rncnts on Surface Propenies of Polyimide Copolyrners 67

llrc dependencies of the surface energy and its polar component of plS block
, ,,1,, 'l\ neL detern jned by Orvens-WendtRabel-Kaelble (OWRK) method [7] vcrsus
r,,rrr,,rrl of siloxane in copolyrner are shown in Figure 3. The surface elergy of pls
1,t,,, , copolymer decreases significantiy with the concentration olsiftrxane from 46.0
r, I rr ' (pure polyirnide) to 34.2 mJ.m-, (10% of siloxane), and to 30.2 mJ.m , (30%
, 

' 
t , r ,, rlne). The polar component of the surface elergy reached the value 22.4 mJ.rn ,

t;,,r, polvimide), which decreases with content ofsiloxane in pIS copolymer to 4.6
rr I rr ' ( l0% of siloxane) and 0.8 mJ.m 2 (309/o of siloxane) The surface ener3y of
1,,'r, p,rlyimide is 46 mJ.m r, while the value ofthe surface encrgy ofpoly (djnethyl
'rl,,r;111"1 1. only 20.9 mJ.m 2. At room temperature the siloxane molecules are above
rlr( Lr 1] lrss temperature, their segments are capable to n]igmte to the polymeric surlace,
,,, rrrrrliing it more hydrophobic. lle surlace ol the pSI copolymer films should be
! , '\ ( rc(l with PSI segnents having thei thickness in molecular order.
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I l(;t IRE 3 Suface energv and its polar component ofPSI block copohmer versus siloxane

l igure 4 sho\vs the dependence of the peel strength ol adhesive joint pSI block
r,r|ollmer to epoxy versus content ol siloxaDe, It is seen that the peel strength of
rrrllresive joint PIS copolymer-epoxy decreases with growth in siloxane content in the
\\ lll'lc concentration range. The fact that the strength of the adhesiye joints decreases
\\ rll) irlcrcase in siloxane content reflects the increases hydrophobicity of the poly-
rrrer ic surlace. The peel strength of adhesive joint to epoxy adhesive diminisheci frorl
L' MPa (pure polyirnide), to 1.05 MPa (10% ofsiloxane), and to 0.65 Ntpa (30% of
',r1,'rlne). This decrcase ofpeel strengtlt ofadhesivejoint is relatively steady for al1
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investigated content of siloxane in block copolymer. Comparing polyimide \\,,jth pSI
block copolyrer containing 30% ofsiloxane shows that the peel strength ofadhesivc
joint to epoxy decreased more than two times. The presence ofsiloxane in pSI block
copolyner caused the more hydrophobic surface of copolymer (sruface energy of co-
polymer containing 10% of siloxane was 34.2 mJ.mt).
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FICURE 4 Peel strcngth of adhesive joint PSI block copolvnter-eporv versus concentrariorr
of siloxane.

6.4 CONCLUSION

The morphology of PIS block copolymer has been changed due segregation of silox
ane segments, constitution of polyimide continuous phase il copolymer was afhmeri.
A significant increase ofroughness ofPSI copolymer surface, ifthe content ofsiloxanc
is growinu, was obscrved. The values olcontact angles olwater extremcly incrcased
by risi.rrg ofsiloxanc content in PSI block copolymer and at higher composition werc
Ieveled off The content of siloxane in copolymer increased, the surface energy, an(l
its polar conponent ol PSI copolymer diminished, the dispersive component of thc
surlace energy on opposite ilcreased, and ilthe content of siloxane in pIS copolyrner
rises Lrp, strength of arlhesive joint to epoxy decreased almost linearly.
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